Background: Infection with Helicobacter pylori is an established risk factor for gastric cancer. Results from two studies suggest that it may also be a risk factor for pancreatic cancer. Methods: We conducted a nested case control study among 128,992 adult subscribers to the Kaiser Permanente Medical Care Program who had been enrolled in a multiphasic health checkup from 1964 to 1969. Serum collected during the checkup was maintained frozen, and subjects were followed for cancer. Cases consisted of 104 randomly selected subjects among 507 who developed pancreatic cancer in the cohort. Controls consisted of 262 pancreatic cancer -free subjects from a pool of 730 controls previously tested for studies conducted on this cohort. Controls were individually matched to cases on age, gender, race, site, and date of multiphasic health
Introduction
The American Cancer Society reports that 32,180 Americans (16,100 men and 16,080 women) were diagnosed with cancer of the pancreas during 2005 (1). The 5-year survival rate is f4%, the worst in the United States for any malignancy, making pancreatic cancer the fourth leading cause of cancer death in the United States for both men and women.
Risk factors for pancreatic cancer are largely unknown. Besides older age and African American race, smoking and chronic pancreatitis have consistently been identified as risk factors for pancreatic cancer but account for only a small fraction of the cases, 23% and 3% to 4%, respectively (2) . Despite an 18-fold increased risk in first-degree relatives of familial cases, genetic mutations, hereditary syndromes, and familial aggregation account for only 10% of cases (3) . Other putative risk factors include obesity, type II diabetes, and consumption of smoked or processed meat, whereas fruits, vegetables, and vitamin C have been inversely associated with the malignancy.
In 1994, the bacterium Helicobacter pylori was declared a group 1 carcinogen by the IARC (4) . Its causal association with gastric cancer and gastric lymphoma is widely accepted (5) . Exploratory epidemiologic evidence from two case-control studies now suggests that H. pylori might be involved in the pathogenesis of pancreatic cancer as well. A 1998 case-control study of 92 Austrian pancreatic cancer patients found that H. pylori infection was more common among cases (65%) than among 27 healthy volunteers and 35 colorectal cancer patients [45% and 47%, respectively; odds ratio (OR) against pooled controls, 2.1; 95% confidence interval (95% CI), 1.1-4.1; ref . 6] . However, in the 20 histopathologic specimens investigated, H. pylori was absent not only from the malignant tissue but also from the ducts of surrounding normal pancreatic tissue, and no inflammatory reactions typically observed in H. pylori gastritis were found. In 2001, a nested case-control study of 121 exocrine pancreatic cancer cases and 226 cancer-free control subjects from a Finnish cohort of older male smokers found that 82% of cases were seropositive for H. pylori antibodies, compared with 73% of controls (OR, 1.87; 95% CI, 1.05-3.34; ref. 7) . In this study, CagA + strains were associated with slightly greater odds of pancreatic cancer than the CagA À ones (OR, 2.01; 95% CI, 1.09-3.70 and OR, 1.65; 95% CI, 0.82-3.29, respectively). Authors have speculated that an excess of gastric acidity due to colonization of the gastric antrum might stimulate the pancreatic production of bicarbonate and secretin, hence helping to induce hyperplasia and increased DNA synthesis in the ductal mucosa. Another hypothesis would be that H. pylori facilitates formation of mutagenic N-nitroso compounds in the stomach that ultimately have downstream carcinogenic effects (8) .
To further investigate and potentially corroborate a possible association between H. pylori infection and subsequent development of pancreatic cancer, we conducted a nested case-control study in a well-characterized cohort of men and women from Northern California followed over several decades.
Design and Methods
Subjects. Between 1964 and 1969, 128,992 adult subscribers to the Kaiser Permanente Medical Care Program enrolled in a multiphasic health checkup program. Serum samples were collected during multiphasic health checkup visits and initially stored at À23jC. Since 1980, these sera have been stored at À40jC by the Orentreich Foundation for the Advancement of Science, Inc. Information available on multiphasic health checkup subjects included height, weight, sex, age, skin color, smoking status, drinking status, previously diagnosed diabetes, and education level. Hospitalization and tumor registry reports of the multiphasic health checkup cohort were monitored and routinely recorded. The Kaiser Permanente Medical Care Program reports to the Surveillance, Epidemiology, and End Results program, which reviews and confirms all reported cancer diagnoses. From enrollment until the year 2000, 507 cohort members developed pancreatic cancer, and 141 of these cases were randomly selected for this study. These cases were individually matched with controls from a pool of 730 control subjects from the multiphasic health checkup cohort previously studied by our research group in studies of gastric adenocarcinoma, gastric lymphoma, colon cancer, and myocardial infarction (Table 1; refs. 9-12). A priori power calculations showed that this sample size (141 cases and 730 unmatched controls) could detect an OR of 1.77 with a power of 80% and a two-sided type I error of 5% (13) . After the matching process, 262 controls free of cancer and, with complete covariate information, were successfully matched to 104 cases on gender, age, selfdetermined skin color, date, and site of the multiphasic health checkup. Post-matching power calculations showed that this sample size (104 cases and 262 matched controls) could detect an OR of 2.5 with a power of 80% and a two-sided type I error of 5%. Reasons for not including the whole 141 selected cases in the study were as follows: One 61-year-old female case subject was missing race and site information and could not enter the matching process; six case subjects could not be matched with any control; and 30 cases were successively matched but were missing some covariate information.
Serology. For the control group, stored sera aliquots were shipped on dry ice at the time of each previous study to Stanford University where they were tested by workers who were blinded to their controls status. In 2001, stored aliquots for cases, along with 15 other control specimens with known serologic status from previous year's essays, were sent to Stanford University on dry ice in a blinded fashion. Case IDs were revealed to the investigators by the Orentreich Foundation after serologic testing was complete. Of note, among the 15 quality controls, there was 94% concordance between the assay results and those obtained using prior assays from our laboratory.
Serum samples for gastric carcinoma and gastric lymphoma controls were tested in 1990 and 1992, respectively, using an in-house ELISA with a sensitivity of 96% and a specificity of 76% when compared with 124 biopsy-confirmed serum samples from the United States, Latin America, and Asia (75 positive and 49 negative). The low specificity of the test was improved after adding antigens to Asian H. pylori strains. Serum samples for colon controls, heart controls, and for cases were tested in 1996, 2000, and 2001, respectively, using the improved in-house ELISA with a sensitivity of >90% and a specificity of 100% when compared with 56 biopsy-confirmed specimens. For each assay, the threshold for a positive ELISA was set as twice the mean value obtained from 15 known negative controls. The 15 negative controls and positive control were used to calibrate each run.
Serum IgG to a recombinant fragment of CagA (OraVax, Inc.) was analyzed by an in-house ELISA, as previously described (14, 15) . Gastric, lymphoma, and colon controls were tested in 1996, whereas heart control and cases were tested in 2003.
To study the stability of serum antibodies over time, serum antibody results for H. pylori infection were compared among the different historical groups of controls with adjustment on length of storage (year of the multiphasic health checkup) and known freezing and thawing history. To assess effects of changes to ELISA over the years, 40 H. pylori -positive and 20 H. pylorinegative gastric control sera and 40 H. pylori -positive and 20 H. pylori -negative colon cancer controls were retested in 2001 using the newer ELISA.
Statistical Analysis. Statistical analysis was done with SAS 9.0 software. Univariate comparisons used the t test and Fisher exact test. ORs and 95% CIs were obtained by univariate and multivariate conditional logistic regression. The body mass index (BMI) was calculated as weight (kg) / [height (m)] 2 and categorized using clinically meaningful cutoffs (z25, overweight; z30, obese). Combined effects of potential risk factors were explored with statistical tests for interaction (16) .
A small fraction of those who tested negative for H. pylori were positive for CagA protein. In a separate analysis, those who tested positive for CagA were considered to be infected with H. pylori. For comparability to the previous nested case-control study from Finland, subset analyses were also done on males, White males, and White male smokers only (7).
Results
The mean time between each case subject's multiphasic health checkup and diagnosis of pancreatic cancer was 21.9 years (SD, 7.6 years). The mean age at diagnosis was 71.5 years (SD, 9.7 years). The characteristics of the cases and controls with respect to matching variables were similar ( Table 2 ). The six cases who were excluded from the study because they could not be matched with any control were younger and only two of them were White; half of them were H. pylori positive. The mean BMI (F SD) at the time of multiphasic health checkup visit was similar for cases and controls, 25.0 (F 3.8) and 25.2 (F 4.3), respectively (P = 0.5). When looking at the distribution of other risk factors, cases were more likely than controls to be smokers, well educated, and light drinkers ( Table 2) . In univariate analysis, BMI, alcohol consumption, previously diagnosed diabetes, and seropositivity to H. pylori or CagA were not significant predictors of pancreatic cancer, whereas smoking and greater years of education were (Table 3) . Compared with nonsmokers, smokers and former smokers at the time of the multiphasic health checkup visit were more likely to develop pancreatic cancer; this effect was greater for heavy smokers (OR of 2.4 for z1 pack a day, and in a separate analysis, OR of 3.4 for z2 packs a day).
In a multivariate analysis, infection with H. pylori was not associated with pancreatic cancer (adjusted OR, 0.85; 95% CI, 0.49-1.48) whereas smoking and a greater number of years of education were found to have an independent positive association with the malignancy (Table 4) . When systematically checked for combined effects of certain risk factors, a positive interaction was found between education and H. pylori infection for the 25 (18) 211 (28) 20 (17) 35 (20) 14 (6) risk of pancreatic cancer (P for interaction = 0.02). In the less educated group, H. pylori infection was associated with a lower OR, and smoking was a stronger risk factor; in the more educated group, neither H. pylori nor smoking was significantly associated with the risk of cancer. However, with Bonferroni adjustment for multiple comparisons, the P value for interaction was no longer significant (corrected P = 0.12). No other combined effect of risk factors was found statistically significant. Seropositivity for the CagA protein of H. pylori was not independently associated with pancreatic cancer, neither when compared with those who tested negative to both CagA and H. pylori (Table 4) nor when compared with those testing negative to only CagA protein (OR, 1.04; 95% CI, 0.59-1.83).
Among men and White men only, seropositivity for H. pylori or its CagA protein was not a significant risk factor for pancreatic cancer (Table 5) ; among White male smokers, however, the association of H. pylori, and especially its CagA protein, with pancreatic cancer was more pronounced but still not significant (OR, 1.56; 95% CI, 0.57-4.30 and OR, 2.59; 95% CI, 0.90-7.42, respectively).
No association was found between date of collection (as a marker for length of storage) and H. pylori positivity (in the multivariate model OR, 0.9; 95% CI, 0.9-1.1). Similarly, sera known to have been thawed were no more or less likely to be H. pylori positive (OR, 0.8; 95% CI, 0.3-2.5). To assess effects of changes to ELISA over the years, 40 H. pylori -positive and 20 H. pylori -negative gastric control sera and 40 H. pylori -positive and 20 H. pylori -negative colon cancer controls were retested using the newer ELISA. Nine of 40 (23%) gastric cancer controls, which originally tested positive (and were considered as positive in the study), retested as negative with the newer ELISA. Only 1 of 40 (3%) H. pyloripositive colon cancer controls retested as negative. None of the negative controls retested positive. Previously tested quality control sera sent by the Orentreich Foundation were tested along with case sera in a blinded fashion and had a 94% test-retest concordance.
Separate unmatched analysis using the initial 141 cases and 730 controls yielded similar results (OR, 0.75; 95% CI, 0.5-1.1) and showed that the association between H. pylori and pancreatic cancer was stable across comparison groups, suggesting that batch effects and minor changes in testing over time did not influence the results.
Discussion
In this nested case-control study conducted among a large Northern California-based cohort, subjects showing infection with H. pylori by seropositivity to it or its CagA protein were no more likely than uninfected subjects to develop pancreatic cancer. Two previous observational studies reported that infection with H. pylori might also be a risk factor for pancreatic cancer (6, 7) . Our data do not confirm these suggestive results. An ongoing large cohort study being conducted in Sweden also has not yet found any such association and is in agreement with our negative findings (17) .
Smoking, one of the few risk factors for pancreatic cancer consistently found in the literature, was also a noted risk factor in our study. Evidence linking alcohol consumption to cancer of the exocrine pancreas has been inconsistent, and our study, in agreement with a review by the IARC monograph, found no association with pancreatic cancer (18) . Similarly, we found no association with BMI or with diabetes mellitus. Whereas the data of three recent large studies showed a significant positive association between BMI and cancer, the results of a 2003 meta-analysis showed a weak summary relative risk per unit increase in BMI of 1.02 (95% CI, 1.01-1.03), and the authors could not exclude the possibility of confounding (19) (20) (21) (22) . Another recent meta-analysis of 36 studies on the relation between type II diabetes and pancreatic cancer found an increased summary risk of 1.82 (95% CI, 1.66-1.89; ref. 23) . The absence of effect seen in our study may be due to the low prevalence of diabetes mellitus compared with that of other risk factors or to our incapacity to distinguish between type I and type II diabetes.
Despite the matching process, cases and controls in the current study differed slightly in terms of race (19.2% Black among cases versus 13.4% among controls; Table 1 ). However, because African American race is one of the few known risk factors for pancreatic cancer and is also a risk factor for H. pylori, the resulting bias would have been toward a positive association, not against it. The relationship between socioeconomic status and pancreatic cancer remains unclear. Some studies, including a quite recent large prospective study, have found a positive association between higher socioeconomic status and pancreatic cancer, especially among women, whereas others have found inverse or no associations (24) (25) (26) (27) . Our study found a strong positive association between educational level and development of pancreatic cancer. The subjects recruited for our study all had identical access to medical care, and thus this association is not likely to be related to a diagnosis bias but rather to other unknown risk factors tied to educational level (e.g., diet), protective effect of previous contact with infectious agents other than H. pylori, and/or residual confounding (e.g., by smoking).
Strengths of our study include greater generalizability than previous studies, larger sample size, and decades of follow-up. Subjects were generally diverse in terms of age, gender, skin color, BMI, educational level, and smoking and alcohol consumption, all of which contributed to generalizability and allowed for greater ability to control for confounding in the analysis. Cases were randomly selected from incident pancreatic cancers in the multiphasic health checkup cohort. Controls were not primarily selected for this study but came from four previous studies where they had been selected to match previous cases of stomach adenocarcinoma, stomach lymphoma, colon cancer, and heart disease. In all of those studies, five variables (age, skin color, gender, year, and site of the multiphasic health checkup) were used to match cases and randomly selected controls, and the exact same matching variables were used in the present study, thereby suppressing the possibility of selection bias in the control group.
Our study has several limitations. First, the measured risk factors, including H. pylori infection status, were assessed only at the time of the multiphasic health checkup and might have subsequently changed. Such changes might unpredictably influence the associations found. Second, after the matching process, the study lost some of its power. It is therefore theoretically possible that a small true statistical association may have been missed. However, a separate unmatched analysis using the initial 141 cases and 730 controls (with enough power to detect similar associations than those found in previous studies) yielded null results, with a point estimate even lower than the null OR value of 1, consistently across control groups. Of greater concern is the difference between the two ELISA tests used for the different control groups. The low specificity of the early test may have resulted in a high false positive rate among the lymphoma and gastric cancer control subjects. The resulting overall bias would be against a positive association, and this is a concern because our study shows a null result when others have found positive results. We still believe our null results, however, for the following reasons: First, the lack of specificity issue only concerns two control groups of the four. Nevertheless, the H. pylori -positive rate does not differ significantly among control groups (Table 1) . Second, even if half the positive test results among the gastric and lymphoma controls were false positive (more than twice the percentage suggested by the quality control results), the resulting crude OR would still be 1.02 and nonsignificant (95% CI, 0.65-1.61). In fact, it would take 100% error (suppose all the 56 controls from lymphoma and gastric studies who tested positive are false positive) to get a significant positive crude OR of 1.58 (95% CI, 1.00-2.50). Third, in separate unmatched analyses, the same null results have been consistently found when cases were analyzed against each control group. Finally, in a different study involving esophageal cancers and the same historical control groups, the same quality control concern made us start the study again using new matched controls that were shipped and tested with the more specific ELISA at the same time as the esophageal cases. Both esophageal studies (the first one using the same unmatched historical controls and the second one using matched new controls) found the same OR (28, 29) . In summary, we acknowledge that the use of historical controls tested at different periods, some of them with a less specific ELISA, makes a definitive conclusion difficult to reach; the design of the study is not perfect. However, for us to have observed a positive association would have required such a difference in our serologic results too radical to be envisioned. Thus, we think that the null association found in this study reflects the truth in this large fairly representative U.S. cohort.
Considering the results of two previous studies investigating the association between H. pylori infection and pancreatic cancer, it is feasible that the relationship is not a simple one. It may be protective, deleterious, or null among different subsets of subjects, characterized by some still unrevealed genetic, immunologic, or environmental characteristic. For instance, a recent register-based retrospective cohort conducted in Sweden showed that the risk of pancreatic cancer was elevated in patients with gastric ulcer but not in patient with duodenal ulcer, contradicting the hypothesis that the presence of the bacteria per se contributes to malignancy. It is also possible that the current or previous studies are confounded by an unmeasured or poorly measured factor like socioeconomic status. For example, the small number of control subjects in the Austrian study prevented the authors to rigorously adjust for potential confounding variables (6) . Finally, another possibility would be that previous findings were the consequence of a positive cross-reaction with another Helicobacter species, as hypothesized by Nilsson et al. (30) , prevalent in some part of the world and not in others.
In conclusion, our study finds that infection with H. pylori is not a risk factor for development of pancreatic cancer. Additional factors such as occupational and environmental exposures, dietary habits, genetics, immunology, and site of infection might be warranted in subsequent studies.
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